Regulation of light-harvesting chlorophyll-binding protein mRNA accumulation in Chlamydomonas reinhardi. Possible involvement of chlorophyll synthesis precursors.
Light induction of light-harvesting chlorophyll a/b-binding protein (LHCP) mRNA accumulation was studied in light-dark synchronized cultures of Chlamydomonas reinhardi. LHCP mRNA accumulation was prevented by the chlorophyll-synthesis inhibitor alpha,alpha-dipyridyl which blocks late steps in the chlorophyll biosynthetic pathway and leads to the accumulation of the porphyrin intermediate magnesium protoporphyrin methyl ester. LHCP mRNA accumulated normally, however, when chlorophyll synthesis was blocked by inhibitors such as hemin and levulinic acid which interfere with early steps in the chlorophyll biosynthesis pathway prior to the formation of magnesium protoporphyrin methyl ester. Similar effects were observed in the light induction of LHCP mRNA levels in protoporphyrin IX-accumulating mutants, brc-1 and brs-1. These mutants have low levels of LHCP mRNA when grown under heterotrophic conditions in the dark where they accumulate protoporphyrin IX. However, LHCP mRNA is light-induced in brc-1 which synthesizes chlorophyll in the light and presumably consumes porphyrin intermediates in doing so. These results suggest that the chlorophyll-synthesis intermediates, magnesium protoporphyrin methyl ester and its immediate precursors, inhibit by a feedback mechanism the light induction of LHCP mRNA accumulation. Low magnesium protoporphyrin methyl ester levels permit the light-induced accumulation of LHCP mRNA, whereas high magnesium protoporphyrin methyl ester levels destabilize LHCP mRNA regardless of the illumination conditions. Preliminary experiments show that LHCP mRNA accumulation in C. reinhardi is stimulated by blue light, and not by red light which stimulates LHCP mRNA accumulation in higher plants.